IRT technique applications for the detection of the plasters defects in historic buildings are widely documented by scientific literature. Previous studies demonstrated the advantages of tomographic techniques to obtaine quantitative results by IRT. With a quantitative approach, the dynamic measures of IRT, versus time and maximum value of thermal contrast, allows to locate the delamination and calculate its volume inside the thickness of the plaster. Nevertheless, effects are not prominent if compared with the ones caused by the interaction between surface and irradiation. Moreover these effects are lower than the noise due to the approximation of the spectral coefficient value. Authors already showed that the multispectral evaluation of the reflectance coefficients, in the range of visible and near IR, contributes to a proper evaluation of the thermograms shot on surfaces affected by chromatic alterations [1] . In the study case, the evolution of the surface temperature in time allows to quantify the effects of spectral absorption (absorbance) in the thermograms. By comparing the thermograms to the maps of damages and intervention, it has been possible to correlate the materials and its state of conservation to the evolution of the thermal profile corresponding to each analyzed area.
INTRODUCTION
IRT technique has various applications for the detection of the plasters defects in historic buildings, as well documented by the scientific literature in the last decades [2, 3] . Most of the analysis is performed at transient condition, during and after the heating of few cm of the masonry exterior layer. Natural or artificial sources of heating successfully generate the convenient thermal gradient for detecting delaminations, cracks, the masonry texture under beneath the plaster and mapping damp areas. Nevertheless, local non-homogeneities of the surface temperature can be caused by the differences of heating absorption due to the optical and thermal characteristics of the surface and its decay. For example, the chromatic alterations, black crusts, salts, and, on the other hand, the colors of frescoes and decoration, the materials (for example the tiles of mosaics and their embedding mortar) cause localized variation of the temperature pattern. Previous studies [4] demonstrated the advantages of tomographic techniques for obtaining a quantitative approach of IRT on plaster. In such a way the dynamic measures of IRT, versus time and the maximum value of thermal contrast, allow to locate the delamination and calculate its volume inside the thickness of masonry. The procedures can be applied also in the field, often at boundary condition out of control (for example the without a constant irradiating energy) [5] . Starting from the experiences already set [6] [7] [8] , the authors' goal is to compare the IRT measures obtained at different conditions on a famous fresco of Danza Macabra in Clusone, and to define the link between different kinds of material damages and the expected dynamic thermal results.
STUDY CASE: DANZA MACABRA FRESCO IN CLUSONE

Historic overview
The Danza Macabra fresco is one of the most famous medieval external paintings in Europe, the theme is the triumph of Death. Fig. 1 and 2 , Plant of the Disciplini Oratory and Danza Macabra fresco after restoration, on the Southern wall. Notice a painted window at the second floor, on the right side, and a renewed crown at the apex at the fresco's timpano Among 1451 and 1485, the painter Jacopo Borlone, a well-known professionist in Bergamo' s area, decorated interiors of the meetinghouse of Disciplini brotherhood and the external plaster of the Southeastern façade. The building is part of a complex, built nearby the cathedral, in the upper part of the village, over a river. In 1575, the members of Disciplini brotherhood substantially began to change the interior displacement of the rooms: the major damage for the fresco was caused by opening a door at the first floor, and adding an external ladder. The external ladder lasted until 1868, when some work provided the survival of the fresco: the addition of prominent eaves, to avoid running rainwater over the surface, and a new path to get the first floor. In 1998 the entire complex got under restoration, starting from the Danza Macabra fresco. IRT has been an important tool for studying the decay and control the effectiveness of the restoration of the plaster. 
Experimental
Supporting data of thermographic analysis consisted on an accurate assessment of materials, previous maintenance intervention, and a complete report of the restoration, which allowed defining exactly the maps of strengthening, water repellent, and others products applied on the surface. The authors shot the first set of measures in 2000, before restoration, during the heating; the second set consists of five recaptures shot within three hours after the end of direct solar irradiation, in the fall 2003.
Preliminary tests on frescoed surfaces, both in laboratory and in the field, showed that the measures during the heating phase were not reliable for the diagnosis of the damage, even using Long Wave thermocameras 3 . In fact, the detectable thermal signal results from the interaction between the surface and the irradiation, and it is not enough representative of the heating flux coming from the inner layers of the plaster and masonry.
2 1 3
Fig . 7 , mosaic of thermograms, recapture during the heating phase. Area 1 corresponds to the infilled window, area 2 delaminations, area 3 difference of plasters -cement and lime mortar). Moreover, notice the effect of color during the heating in square 4, where appears the shape of dark fresco frame. Because of the orientation of the wall, and consequently different lasting of the heating, left part of the fresco does not show the hidden structure of the wall, moreover color causes non-homogeneous heating.
Moreover the effects due to color or deposits and stain (salts) can affect and highly alter the amount of absorbed heat (by irradiation). Figure 7 shows the recapture during the heating phase, after 1 hour of sun irradiation. Infrared images allow to determine the texture of the wall, the infilled window (square 1) and major delaminations (as in square 2), nevertheless cannot accurately describe the smaller damage of the plaster and even the difference of the plasters (lime mortar and cement, square 3) can hardly de detected. Second tests have been performed on October 2003. The surface gets solar radiation since 9 AM, and it shadowed at 12. IRT measures were taken during the cooling phase, for 3 hours. Ambient conditions varied between 18 and 13°C, RH 40%. Artificial heating (heating floor) was turned on inside the building (18°C). Analysis was performed throughout the surface, and some areas were chosen ( fig. 9 ) because of their good representation of the most common damages found: one reference area (plaster covering a stone quoin), ad 5 areas where major interventions were applied. A precise overlap of visible and infrared mosaics helped to localize the analysis areas. In the following, results are listed:
S area: plaster covering a stone quoin; the temperature gradually decreases during the cooling phase, at last reaching a value lower than the beginning one. Assessment of damage and restoration report allowed to chose this area as reference for sound plaster. A and C areas: repaired plaster delaminations; restorers injected some fluid lime mortar and pushed the plaster against the substrate, to make the fresco adhere to the wall. In these areas, temperature keeps almost unvaried during cooling. F1 and F2 areas: areas on two of major cracks (vertical disposition). Cracks were filled with mortar and chemical additive. During a previous restoration liquid cement mortar was used, and even though during the last intervention restaurators removed the exterior of the infilling, the cement remained spread inside. In addition, the thickness of the wall was reduced in this region: in a past renovation of the meeting room, a niche was carved and now the masonry has almost half thickness. The trend of temperature shows a gradual increasing during cooling.
The comparison between areas F1-F2 temperature trend and the one on T1-T2 (previous opening infilling) shows that they have similar variation. At last, B point is an area where thermal anomaly was found and possible damage of the surface could be associated to it. 
Data Processing
First step of analysis has been the correction of ambient and reflected irradiation in thermal images. The surface of the fresco, even it is was not directly hit by solar irradiation, but the radiation reflected by surrounding buildings. In fact, the opposite Western elevation of Santa Maria Assunta Cathedral was gradually heated by sun, during IRT scanning. Therefore, authors modified effective ambient temperature with the thermograms processing software, using reference temperature of standard elements put inside the recapture scene. Data analysis could not be performed by classical models of heat diffusion, which are usually employed in the laboratory tests. These models develop the solution of heat equation in case of very fast and short impulses. Instead, in the study case heating has been long lasting (3 hours). Data representation is expressed in function of time square root, nevertheless relation between T and time square root it is not directly correlated with thermal effusivity of the material. Hence, the angular coefficient of resulting lines does not have a direct physical meaning. 
Discussion
Comparing the thermograms to the maps of the applied restoration products, and the assessment before and after the restoration, it has been possible to correlate materials and its state of conservation to the evolution of the thermal profile corresponding to each analyzed area. F1 e F2 corresponds to repointing cracks, and thinner masonry, because of the interior niche. They show an opposite trend to the others analyzed areas. Moreover the temperature increasing keeps going for 180 minutes circa. Considering that the artificial heating was switched on during IRT recapture, while external temperature was decreasing, recapture was shot during the increase of thermal gradient across the masonry. F1, F2, T1, T2 can be considered thermal bridges. Areas A and C do not show any temperature variation in time. Heat flows across materials without intercept any obstacle, until the inner layers. Therefore it is adherent material to the substrate, homogeneous, with high thermal conductivity. Among building materials, this characteristic is significant of low porosity. Because of the injections applied, thermal images constituted a trial of the intervention. Results are positive; the surface is newly adherent to the substrate.
On the contrary, in area B some damage can be detected again. Initial temperature is similar, but it quickly and sharply decreases, until it reaches the average temperature of the wall. Thermal behavior indicates that it is a lower thermal capacity surface (a damaged area, with a higher porosity or a delamination).
Results of the sampled areas show that, in the cooling phase, the method allows to distinguish thermal behaviors of differentiated masonry. Analysis showed different characteristics of the surface independently on localized and differentiated absorption of heat, due to colors. In particular, dynamic approach procedure allows assessing the real state of conservation even in the areas where the absolute value of their temperature is highest. In fact, speed of cooling can be the distinguishing parameter to analyze the surface. Immediately after the heating, on the same material, temperature of delaminated plaster is higher than surrounding sound areas; then the surface cools down very quickly, due to the low thermal capacity of the thin plaster mass. Vice versa, as in cases of A and C points, sound areas can have such high temperatures as delaminated surfaces, even if the materials is different, nevertheless the cooling is different, because sound areas has a more gradual and long lasting cooling than delaminations. The two cases can be distinguished only by dynamic analysis.
CONCLUSIONS
The study case showed that solar radiation is a convenient heating to properly thermal load oriented walls, as those get radiation and shadow throughout the surface in a short period of time. The solar irradiation is intense and homogeneous, powerful and free. Nevertheless, by now there are not analytical formulas to describe the heat diffusion.
IRT is a useful tool to validate intervention of restoration, as showed in areas A, B and C. Especially, analysis on area B allowed to detect a remaining delamination. The surface of the delamination, before the restoration, was so large that the repointing and injection did not reach any point of the detached surface. Using IRT, the restorers can appreciate the effectiveness of treatment, and address their work to fill any remaining void. The analysis is based on calculation algorithm. Major requirement is to use a real effective Temperature, considering the reflected radiation from nearby buildings.
